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57 ABSTRACT 
A hydrophilic fibers modified with a substantially wa 
ter-insoluble inorganic compound is produced by in 
mersing hydrophilic fibers, for example, pulp fibers, in 
an aqueous solution of a water-soluble inorganic com 
pound (a) which is precipitated when brought into 
contact with a precipitant (b), adjusting the amount of 
the aqueous solution impregnated in the hydrophilic 
fibers to 60 to 400% based on the weight of the hydro 
philic fibers, and bringing the hydrophilic fibers with 
the aqueous solution of the inorganic compound (a) into 
contact with the precipitant in the state of a gas or 
aqueous solution to thereby cause the resultant substan 
tially water-insoluble compound to be precipitated in 
and fixed to the hydrophilic fibers. 

12 Claims, No Drawings 
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PROCESS FOR MODIFYING HYDROPHILIC 
FBERS WITH SUBSTANTIALLY 

WATER-NSOLUBLE NORGANIC SUBSTANCE 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 
The present invention relates to a process for produc 

ing hydrophilic fibers with a water-insoluble inorganic 
substance. More particularly, the present invention 
relates to a process for producing hydrophilic fibers 
modified with a substantially water-insoluble inorganic 
substance, for example, a substantially water-insoluble 
metal hydroxide, precipitated in and fixed to bores, 
pores and surfaces of the hydrophilic fibers, to provide 
modified hydrophilic fibers useful as a paper-forming 
material, a shaped article-forming material, and other 
functional materials in which the specific functions of 
the substantially water-insoluble inorganic substance 
carried by the hydrophilic fibers are utilized. 

2) Description of the Related Art 
Various processes for producing hydrophilic fibers, 

for example, paper-forming pulp fibers, modified with a 
substantially water-insoluble hydroxide, for example, 
aluminum hydroxide, are known from Japanese Exam 
ined Patent Publication No. 56-18,712, which discloses 
a process wherein fine particles of aluminum hydroxide 
are adhered to surfaces of a paper sheet by a coating 
method; from Japanese Unexamined Patent Publication 
No. 57-144,754, which discloses a process wherein a 
paper sheet containing 70% by weight or more of alu 
minum hydroxide is formed from a pulp slurry contain 
ing an aluminum hydroxide powder; and from Japanese 
Unexamined Patent Publication No. 57-171,799, which 
discloses a process wherein a paper sheet containing 50 
to 95% by weight of aluminum hydroxide is produced 
from a pulp slurry containing an aluminum hydroxide 
powder together with a sizing agent and binder. 

In these conventional processes, the substantially 
water-insoluble inorganic substance are adhered in the 
form of fine particles to a surface of a paper sheet, or 
mixed in the form of fine particles to provide a pulp 
slurry, but a water-soluble inorganic compound is not 
utilized to provide the substantially water-insoluble 
inorganic substance. 
As conventional methods wherein a water-soluble 

inorganic substance, for example sodium aluminate, is 
utilized for paper-making, Chizhov, G. I. et al., Mezh 
vuz, Sb. Mauch. Tr. Khimiya Tekhnol. Tselyulozy, 
No. 8, 67-70 (1981) discloses a use of sodium aluminate 
mixed to a pulp, to enhance a mechanical strength of the 
resultant paper sheet; U.S. Pat. No. 3,706,629 discloses 
an addition of a polymeric electrolyte and an aluminate 
of an alkali metal to a pulp, to improve the dehydration 
property and retention of the pulp in the paper-forming 
step; and Canadian Patent No. 964,808 teaches an addi 
tion of a water-soluble aluminum salt and sodium alumi 
nate to a pulp. 

Nevertheless, these conventional methods do not 
teach a conversion of a water-soluble inorganic com 
pound to a substantially water-insoluble inorganic sub 
stance on or within a hydrophilic fibers. 

Lagally, P. and Lagally, H., Tappi, 42 (11), 888 (1959) 
teach a method of precipitating a gel-like aluminum 
hydroxide on pulp fibers by immersing the pulp fibers in 
an aqueous solution of sodium aluminate and neutraliz 
ing the sodium aluminate aqueous solution with a min 
eral acid, but this method is disadvantageous in that, 
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2 
since the mineral acid is added to the pulp slurry con 
taining sodium aluminate, a major portion of the resul 
tant gel-like aluminum hydroxide remains in the pulp 
slurry but not in and on the pulp fibers, and thus the 
utilization efficiency of the resultant aluminum hydrox 
ide for the pulp fibers is poor. 

This method is intended to increase the mechanical 
strength of the resultant paper sheet by the combination 
of the gel-like aluminum hydroxide with the cellulose 
pulp fibers, but the amount of the gel-like aluminum 
hydroxide picked up by the pulp fibers is relatively 
small, and thus the increase in the mechanical strength 
of the resultant paper sheet is unsatisfactory. 
A method similar to that mentioned above is dis 

closed by Hechler E., Wochenblatt fir Papierfabrika 
tion, 96 (23/24), 868 (1968). In this method, a beaten 
pulp slurry is supplemented with sodium aluminate in an 
amount of 5% based on the weight of the pulp, and then 
brought into contact with carbon dioxide, aluminum 
sulfate or calcium carbonate, to convert the sodium 
aluminate in the pulp slurry to aluminum hydroxide and 
thereby provide a filler-containing pulp usable for pa 
per-formation. 

This method, however, is disadvantageous in that the 
effective utilization efficiency of the resultant aluminum 
hydroxide is unsatisfactory. 

Further, J.G., Soluble SillicaatesACS Monograph 
Series, Reinhold, N. Y., Vol. 2, 333 (1952) discloses a 
method in which sodium silicate (soluble glass) is added 
to a pulp slurry and the pH of the resultant sodium 
silicate-containing pulp slurry is lowered, to cause the 
resultant silicic acid gel to be precipitated. The purpose 
of this method is to size the resultant paper sheet with 
the silicic acid gel, and therefore, the amount of the 
silicic acid gel picked up by the pulp fibers must be 
relatively small. 

Cray, W. L., Pulp and Paper Magazine of Canada, 
August, 116 (1955) discloses a process in which a pulp 
slurry is supplemented with calcium chloride and then 
with sodium silicate to produce calcium silicate in the 
pulp slurry, and thereafter, aluminum sulfate is added to 
the pulp slurry to cause the resultant calcium sulfate to 
be precipitated in the pulp fibers in the slurry. 

This process, however, is not suitable for causing a 
large amount of a water-insoluble inorganic substance 
to be carried on the pulp fibers. 

Japanese Unexamined Patent Publication No. 
62-144,901 discloses a process in which two different 
types of water-soluble inorganic compound aqueous 
solutions, which form a water-insoluble and flame 
resistant inorganic compound when mixed together, for 
example, an aqueous solution of barium chloride and 
boric acid and an aqueous solution of hydrogen ammo 
nium phosphate and boric acid, is proposed; a wood 
material is immersed in one of the above-mentioned 
aqueous solutions and then in the other aqueous solu 
tion, to cause the resultant water-insoluble and flame 
resistant inorganic compound to be dispersed and car 
ried in the wood material. This method effectively pro 
duces a flame-resistant wood material, but is not suitable 
for modifying a hydrophilic fibrous material usable for 
paper. 

Accordingly, it is not as yet known how to impart 
and fix a large amount of a substantially water-insoluble 
inorganic substance to hydrophilic fibers, for example, 
paper-forming pulp fibers. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
process for modifying hydrophilic fibers with a substan 
tially water-insoluble inorganic substance, in a large 
amount and at a high efficiency. 
Another object of the present invention is to provide 

a process for modifying hydrophilic fibers with a sub 
stantially water-insoluble inorganic substance in a large 
amount, to thereby provide modified hydrophilic fibers 
having an enhanced flame resistance, dimensional stabil 
ity, heat resistance, opacity, and/or hydroscopicity and 
useful for paper sheets, shaped articles and functional 
materials. 
The above-mentioned objects can be attained by the 

process of the present invention for modifying hydro 
philic organic fibers with a substantially water-insoluble 
inorganic substance, which comprises the steps of, im 
mersing hydrophilic fibers in an aqueous solution com 
prising 6 to 60% by weight of a water-soluble inorganic 
compound (a) which is converted to a substantially 
water-insoluble inorganic compound when brought 
into contact with a precipitant (b); adjusting the amount 
of the water-soluble inorganic compound (a) aqueous 
solution impregnated in the hydrophilic fibers to a level 
of 60 to 400% based on the dry weight of the hydro 
philic fibers; and bringing the impregnated hydrophilic 
fibers into contact with the precipitant (b), in the state 
of a gas, to cause the resultant substantially water 
insoluble inorganic compound to be precipitated in and 
fixed to the hydrophilic fibers. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The hydrophilic fibers usable for the process of the 
present invention are not limited to a specific type of 
fibers, and can be selected from among known hydro 
philic synthetic fibers; for example, polyvinylalcohol 
fibers and polyacrylamide fibers, and from hydrophilic 
natural fibers; for example, lignocellulosic fibers. 
The hydrophilic fibers are preferably lignocellulosic 

fibers, especially lignocellulosic pulp fibers for paper. 
The lignocellulosic fibers may be those derived from 

wood materials or herbaceous plants. 
The pulp fibers usable for the process of the present 

invention may be those produced by any type of pulp 
ing methods and treated by any type of procedures, for 
example, bleaching, beating, and dyeing, and by a 
chemical treatment. 

In the first step of the process of the present inven 
tion, the hydrophilic fibers are immersed in an aqueous 
solution of a water-soluble inorganic compound (a) 
capable of being converted to a substantially water 
insoluble inorganic compound when brought into 
contact with a precipitant (b). 

In the immersing step, the water-soluble inorganic 
compound (a) is preferably present in a relatively high 
concentration of 6 to 60% by weight, more preferably 
10 to 40% by weight, in the aqueous solution thereof, to 
cause a large amount of the inorganic compound (a) to 
be impregnated in the hydrophilic fibers. 
Some of the high concentration aqueous solution of 

the inorganic compound (a), for example, alkali alumi 
nate, can swell the cellulosic fibers, but this effect is 
unsatisfactory when the concentration of the inorganic 
compound (a) is less than 6% by weight. 
The concentration of the inorganic compound (a) in 

the aqueous solution influences the amount of the sub 
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4. 
stantially water-insoluble inorganic compound impreg 
nated in the hydrophilic fibers. Namely, the higher the 
concentration of the inorganic compound (a), the larger 
the amount of the resultant substantially water-insoluble 
inorganic compound fixed to the hydrophilic fibers. 
The immersing step can be carried out at any temper 

ature between the freezing point and the boiling point of 
the aqueous solution of the inorganic compound (a). 

Also, there is no restriction of the time for which the 
hydrophilic fibers are immersed in the aqueous solution 
of the inorganic compound (a). 

In the second step of the process of the present inven 
tion, the amount of the aqueous solution of the inor 
ganic compound (a) impregnated in the hydrophilic 
fibers is adjusted to a level of 60 to 400% based on the 
dry weight of the hydrophilic fibers. 

In the adjusted hydrophilic organic fibers impreg 
nated with the aqueous solution of the water-soluble 
inorganic compound (a), the dry content of the fibers is 
preferably 30% by weight or more. 
The amount of the inorganic compound (a) aqueous 

solution picked up by the hydrophilic fibers governs the 
amount of the resultant substantially water-insoluble 
inorganic compound fixed to the hydrophilic fibers. 
Namely, the larger the amount of the inorganic com 
pound (a) aqueous solution picked up by the hydro 
philic fibers, the larger the amount of the resultant sub 
stantially water-insoluble inorganic compound fixed to 
the hydrophilic fibers. 
The adjustment of the amount of the inorganic com 

pound (a) aqueous solution picked up by the hydro 
philic fibers can be effected by any one of the conven 
tional procedures; for example, squeezing, gravitative 
dehydration on a net, suction dehydration, centrifugal 
izing, and pressing. 
By removing an excessive amount of the inorganic 

compound (a) aqueous solution from the immersed hy 
drophilic fibers, almost all of the aqueous solution lo 
cated on the surfaces of the hydrophilic fibers can be 
removed, so that almost all of the picked up aqueous 
solution is located inside of the hydrophilic fibers (for 
paper-forming wood pulp fibers, on the cell walls in the 
fibers) and in the resultant modified hydrophilic fibers, 
the resultant substantially water-insoluble inorganic 
compound is located mainly inside of the fibers. When 
the amount of the inorganic compound (a) aqueous 
solution picked up by the hydrophilic fibers is less than 
60%, the amount of the resultant substantially water 
insoluble inorganic compound fixed to the hydrophilic 
fibers becomes too low, and the property of the resul 
tant modified fibers becomes unsatisfactory. 

Also, if the amount of the inorganic compound (a) 
aqueous solution is more than 400%, a large amount of 
the substantially water-insoluble inorganic compound is 
formed on the surfaces of the hydrophilic fibers. The 
substantially water-insoluble inorganic compound on 
the fiber surfaces is easily removed, and therefore, the 
efficiency of modifying the imported substantially wa 
ter-insoluble inorganic compound for the hydrophilic 
fibers becomes poor. 

In the third step of the process of the present inven 
tion, the impregnated hydrophilic fibers are brought 
into contact with the precipitant (b), to thereby cause 
the resultant substantially water-insoluble inorganic 
compound to be precipitated in and fixed to the hydro 
philic fibers. 

In an embodiment of the process of the present inven 
tion, the water-soluble inorganic compound (a) is se 
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lected from aluminates, silicates and zincates of alkali 
metals, and the precipitant (b) comprises at least one 
acidic compound selected from carbon dioxide and 
hydrogen chloride in the state of a gas. In this embodi 
ment, at least one member selected from hydroxides and 
oxides of aluminum, zinc and silicon is precipitated as a 
substantially water-insoluble inorganic compound. 

In another embodiment, an alkaline earth metal hy 
droxide, which is not completely soluble in water, is 
used as a water-soluble inorganic compound (b). When 
dispersed in water, a portion of the alkaline earth metal 
hydroxide is dissolved in water, and can be precipitated 
upon reacting with carbon dioxide gas to form a water 
insoluble alkalin earth metal carbonate. 

In still another embodiment of the process of the 
present invention, the water-soluble inorganic com 
pound is selected from silver nitrate, lead nitrate, mer 
curous nitrate, copper nitrate, and tin (II or IV) nitrate, 
and the precipitant (b) comprises a halogen in the state 
of a gas. In these embodiments, the above-mentioned 
water-soluble nitrates are respectively converted to 
water insoluble silver halide, lead halide and mercurous 
halide. 

In still another embodiment of the process of the 
present invention, the water-soluble inorganic com 
pound (a) is selected from water soluble salts of alumi 
num, chromium (III), zinc, manganese, iron (II or III), 
nickel, and cobalt, and the precipitant (b) comprises 
hydrogen sulfide in the state of a gas. In this embodi 
ment, the water-soluble salts are preferably nitrates of 
the above-mentioned metals and are converted to wa 
ter-insoluble sulfides of the metals. 

In still another embodiment of the process of the 
present invention, the aqueous solution of the water-sol 
uble inorganic compound (a) contains at least one mem 
ber selected from water-soluble salts, for example, ni 
trates, of alkaline earth metals, together with at least 
one member selected from annonia and alkali metal 
carbonates and the precipitant (b) comprises carbon 
dioxide in the state of a gas. In this embodiment, the 
water-soluble salts of the alkaline earth metals are con 
verted to corresponding water-insoluble carbonates of 
the alkaline earth metals. 

In still another embodiment of the process of the 
present invention, the water-soluble inorganic con 
pound (a) is selected from water-soluble salts of metallic 
elements other than alkali metals together with at least 
one member selected from ammonia and alkali metal 
carbonates, and the precipitant (b) comprises ammonia 
in the state of a gas. The water-soluble salts of the metal 
lic elements other than alkali metals are preferably se 
lected from water-soluble nitrates, chlorides and sul 
fates of silver, zinc, aluminum, cobalt, zirconium, tin, 
titanium, iron, copper, lead, magnesium, cadmium, ner 
cury and chromium. In this embodiment, the above 
mentioned water-soluble salts are converted to corre 
sponding water-insoluble hydroxides, oxides or con 
plexes. 

For example, silver nitrate is reacted with ammonia 
and converted to water insoluble silver oxide; mercury 
nitrate is reacted with annonia and converted to water 
insoluble complex of the formula: OHg2NH2NO3; a 
reaction of copper sulfate with ammonia results in the 
production of water insoluble compound of the for 
mula: Cu2(OH)2SO4; and further, a reaction of mercury 
chloride with annonia results in the production of 
water-insoluble compound of the formula: Hg(NH2)Cl. 
In this embodiment, the preferable water-soluble inor 
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6 
ganic compounds (a) are water-solubie aluminum salts, 
for example, aluminum chloride, aluminum sulfate and 
aluminum nitrate, which can be reacted with ammonia 
to produce water-insoluble aluminum hydroxide. 
When the precipitant (b) is in the state of a gas, the 

hydrophilic fibers impregnated with the aqueous solu 
tion of the water-soluble inorganic compound (a) are 
preferably opened in the ambient air atmosphere before 
being brought into contact with the precipitant gas (b), 
to promote the contact of the water-soluble inorganic 
compound (a) picked up by the hydrophilic fibers with 
the gaseous precipitant (b). 
The gaseous precipitant (b) may be diluted by a gas 

non-reactive to the water-soluble inorganic compound 
(b), for example, a nitrogen gas or air. In the diluted gas, 
the concentration of the gaseous precipitant (b) is pref 
erably 0.03% by volume or more. 

In the process of the present invention, the pressure 
of the precipitant-containing gas is not specifically lim 
ited, and is preferably the atmospheric pressure or more 
but not more than 10 kg/cm2 G. 
There is no restriction of the time of contact of the 

impregnated hydrophilic fibers with the gaseous precip 
itant (b), but preferably, the contact time is from 10 
minutes to 5 hours. 
In still another embodiment of the process of the 

present invention, the water-soluble inorganic con 
pound (a) is selected from water soluble alkaline earth 
metal salts, and the precipitant (b) comprises an aqueous 
solution containing at least one member selected from 
fluorine, phosphate, carbonate, sulfate, borate and chro 
mate ions. In this embodiment, the alkaline earth metal 
salts are preferably selected from magnesium, calcium 
and barium. 
These salts can be converted to corresponding water 

insoluble fluorides, phosphates, carbonates, sulfates, 
borates and chromates. 

In still another embodiment of the process of the 
present invention, the water-soluble inorganic con 
pound (a) is selected from aluminates, silicates and zinc 
ates of alkali metals, and the precipitant (b) comprises an 
aqueous solution containing a mineral acid, for example, 
hydrochloric acid and sulfuric acid, capable of convert 
ing the above-mentioned water-soluble compounds to 
substantially water-insoluble compounds, for example, 
hydroxides or oxides, of aluminum, silicon and zinc. 

In still another embodiment of the process of the 
present invention, the water-soluble inorganic com 
pound (a) is selected from water-soluble salts of metallic 
elements other than alkali metals, and the precipitant (b) 
comprises an aqueous solution of ammonia. The above 
mentioned water-soluble salts are preferably selected 
from nitrates, chlorides, and sulfates of zinc, aluminum, 
cobalt, zirconium, tin, titanium, iron, copper, lead, mag 
nesium, cadmium, mercury and chromium. These spe 
cific water-soluble salts are converted to corresponding 
substantially water-insoluble hydroxides, upon reacting 
with ammonia. 
The aqueous solution of the precipitant (b) can be 

prepared by dissolving the precipitant (b) in water. 
Also, in the third step of the process of the present 
invention, the impregnated hydrophilic fibers with the 
water-soluble inorganic compound (a) aqueous solution 
are continuously introduced into the aqueous solution 
of the precipitant (b), while blowing the precipitant (b) 
in the state of a gas into the aqueous solution. 
There is no restriction of the temperature of the pre 

cipitant aqueous solution, as long as the temperature is 
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in the range of from the freezing point and the boiling 
point of the aqueous solution. Also, there is no limita 
tion on the time of contact of the impregnated hydro 
philic fibers with the precipitant aqueous solution. 
The process of the present invention is useful for 

easily producing hydrophilic fibers carrying therein a 
large amount of water-insoluble inorganic compound, 
at a low cost and high efficiency. 
By utilizing the process of the present invention, a 

large amount of the water-insoluble inorganic com 
pound can be precipitated not only on the surface but 
also inside of the hydrophilic fibers, and the resultant 
modified hydrophilic fibers exhibit a specific function, 
for example, an enhanced flame resistance, derived 
from the water-insoluble inorganic compound fixed to 
the fibers. 

EXAMPLES 

The present invention will be further illustrated by 
the following specific examples. 

Example 1 
An unbeaten, bleached soft wood kraft pulp in an 

amount of 3.0 g was immersed in 200 ml of a solution of 
30% by weight of sodium aluminate in an ion 
exchanged water at room temperature for 3 hours. 
Thereafter, the immersed pulp was removed from the 
aqueous solution of sodium aluminate, sucked by a 
Buchner funnel, and then centrifugalized at an accelera 
tion of gravity of 900 g for 3 minutes. The resultant pulp 
impregnated with the sodium aluminate aqueous solu 
tion had a weight of 15 g. 
The impregnated pulp was opened in the ambient air 

atmosphere by using a mixer, and the opened pulp was 
placed in a pressure container, and thereafter, the con 
tainer was closed and filled with a carbon dioxide gas 
under a pressure of 1 kg/cm2 G. The opened pulp was 
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left to stand in the container under the above-mentioned . 
condition for 10 minutes. After the carbon dioxide gas 
was discharged from the container, the resultant pulp 
was removed from the container, immersed in one liter 
of ion-exchanged water at room temperature for one 
hour, disintegrated in water by using a disintegrator, 
washed with water on a 150 mesh wire net, and then 
dried. 
The resultant modified pulp had the same appearance 

as non-modified pulp and was composed of individual 
pulp fibers which were separated from each other. 
The modified pulp was then incinerated at a tempera 

ture of 900 C., to determine the amount of aluminum 
hydroxide carried in and fixed to the pulp fibers, and as 
a result, it was confirmed that the amount of the fixed 
aluminum hydroxide was 43%, based on the dry weight 
of the pulp fibers. 

Example 2 and Comparative Example 1 
In Example 2, a beached hardwood kraft pulp beaten 

to a Canadian standard freeness of 350 ml in an amount 
of 3.0 g was immersed in 200 ml of a solution of 30% by 
weight of sodium aluminate in an ion-exchanged water 
at room temperature for 3 hours. 
The immersed pulp was removed from the sodium 

aluminate aqueous solution, sucked by a Buchner fun 
nel, and then centrifugalized under an acceleration of 
gravity of 3000 g for 15 minutes. The centrifugalized 
pulp had a weight of 10 g. 
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The pulp was opened in the ambient air atmosphere 

by using a mixer, and the opened pulp was placed in a 
treatment vessel. 
A carbon dioxide gas was then flowed through the 

treatment vessel at a flow rate of 500 ml/min under the 
ambient air atmospheric pressure, and this treatment 
was continued for 10 minutes. Thereafter, the carbon 
dioxide gas was discharged from the vessel, and the 
resultant modified pulp was removed from the vessel, 
immersed in one liter of ion-exchanged water at room 
temperature for one hour, opened in water by using a 
fiber opener, washed with water on a 150 mesh wire 
net, and then dried. 
The resultant modified pulp was then incinerated at a 

temperature of 900 C., and as a result, it was confirmed 
that the amount of aluminum hydroxide carried in the 
pulp fibers was 32%, based on the dry weight of the 
pulp. 

Also, the pulp fibers were observed by a microscope, 
and as a result, it was confirmed that almost all of the 
aluminum hydroxide imparted to the pulp fibers was 
located inside of the pulp fibers, and that substantially 
no aluminum hydroxide was located on the surface and 
in the lumen of the pulp fibers. 
The modified pulp (A) was converted to a paper 

sheet having a basis weight of 100 g/m2, by a customary 
paper forming process. 

In Comparative Example 1, a paper sheet (B) with a 
basis weight of 100 g/m was produced from an aqueous 
slurry of a mixture of the same non-modified pulp as 
used in Example 2, with aluminum hydroxide dispersed 
therein, 
The amount of the aluminum hydroxide contained in 

the paper sheet (B) is the same as that contained in the 
paper sheet (A). 
The flame resistances of the paper sheets (A) and (B) 

were measured in accordance with JIS A 1322. The 
results are shown in Table 1. 

TABLE 
ten 

Burning test 
Type Amount Carboniza 
of of tion After- After 

paper Al(OH)3 length faming glow 
Example No. sheet (%) (cm) (sec) (sec) 
Example 2 (A) 32 8 1 11 
Comparative (B) 32 Immediately ignited and burnt 
Example 1 

Table 1 clearly shows that the modified pulp paper 
sheet of Example 2 exhibited a satisfactory flame resis 
tance, whereas the non-modified pulp paper sheet of 
Comparative Example 1, in which aluminum hydroxide 
in the same amount as in Example 2 was mixed with the 
non-modified pulp fibers, exhibited substantially no 
flame resistance. 
Example 3 
The same procedures as in Example 1 were carried 

out, with the following exceptions. 
In the immersing step, the aqueous solution contained 

sodium silicate in a Baume degree of 40. 
After the centrifugalizing step, the amount of the 

aqueous solution of sodium silicate picked up by the 
pulp was 250% based on the dry weight of the pulp. 

After the drying step, the resultant modified pulp had 
the same appearance as the non-modified pulp. 
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By the incineration test, it was confirmed that the 
modified pulp fibers carried therein a silicic acid gel in 
an amount of 49% based on the dry weight of the pulp. 

Example 4 and Comparative Example 2 
In Example 4, the same procedures as in Example 1 

were carried out, with the following exceptions. 
In the immersing step, 200 ml of an aqueous solution 

of 23% by weight of aluminum sulfate in an ion 
exchanged water was used. 

After the centrifugalizing step, the pulp was impreg 
nated with the alminum sulfate aqueous solution in an 
amount of 300% based on the dry weight of the pulp. 
The impregnated pulp was placed in a pressure con 

tainer and the container was closed and filled with an 
ammonia gas under a pressure of 0.5 kg/cm2 G. The 
impregnated pulp was treated with the ammonia for 60 
minutes. After the ammonia gas was discharged, the 
resultant modified pulp was removed from the con 
tainer, and treated and dried in the same manner as in 
Example. 
The resultant modified pulp had the same appearance 

as the non-modified pulp, and was composed of individ 
ual pulp fibers which were separated from each other. 
As a result of the incineration test at 900 C., it was 

confirmed that the resultant modified pulp carried 
therein aluminum hydroxide in an amount of 40.4% 
based on the dry weight of the pulp. 
The modified pulp was converted to a paper sheet (C) 

having a basis weight of 100 g/m2. 
In Comparative Example 2, a paper sheet (D) having 

the same basis weight as in Example 4 was produced 
from an aqueous slurry of a mixture of the non-modified 
pulp and aluminum hydroxide dispersed altogether in 
Wate. 

The paper sheets (C) and (D) were subjected to the 
same burning test (JIS A 1322) as in Example 2. The 
results are shown in Table 2. 

TABLE 2 
term 

Burning test 
Type Amount Carboniza 
of of tion After- After 

paper Al(OH)3 length flaming glow 
Example No. sheet (%) (cm) (sec) (sec) 
Example 4 (C) 40.4 8 1. 11 

(D) 40.4 Immediately ignited and burnt 

Example 5 
The same procedures as in Example 2 were carried 

out with the following exceptions. 
In the immersing step, the aqueous solution contained 

20% by weight of magnesium nitrate. 
The centrifugalizing step was carried out at an accel 

eration of gravity of 1500 g for 15 minutes. The resul 
tant impregnated pulp contained the magnesium nitrate 
aqueous solution in an amount of 230% based on the dry 
weight of the pulp. 
The carbon dioxide gas was replaced by an ammonia 

gas. - 

By the incineration test at 900 C., it was conformed 
that the resultant modified pulp carried therein magne 
sium hydroxide in an amount of 32% based on the dry 
weight of the pulp. 
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Example 6 

The same procedures as in Example 4 were carried 
out, with the following exceptions. 
The pulp impregnated with 300% by weight of the 

aluminum sulfate aqueous solution was opened in the 
ambient air atmosphere by using a mixer, and immersed 
in a 10% ammonia aqueous solution for 60 minutes. 

Thereafter, the resultant modified pulp was removed 
from the ammonia aqueous solution, immersed in one 
liter of ion-exchanged water at room temperature for 
one hour, disintegrated in water by using a disintegra 
tor, washed with water on a 150 mesh wire net, and 
dried. 
The resultant washed pulp had the same appearance 

as the non-modified pulp and was composed of individ 
ual pulp fibers which were separated from each other. 
As a result of the incineration test at 900 C., it was 

confirmed that the resultant modified pulp carried 
therein aluminum hydroxide in an amount of 11%, 
based on the dry weight of the pulp. 
The modified pulp could be converted to a paper 

sheet by a customary paper-forming process, without 
difficulty, and the resultant paper sheet exhibited an 
excellent flame resistance. 

Example 7 
The same procedures as in Example 5 were carried 

out, with the following exceptions. 
The magnesium nitrate was replaced by calcium 

chloride. 
The pulp impregnated with the calcium chloride 

aqueous solution, in an amount of 230% based on the 
dry weight of the pulp, was immersed in an aqueous 
solution of 20% by weight of sodium carbonate at room 
temperature for 60 minutes, removed from the solution, 
immersed in one liter of an ion-exchanged water for one 
hour, disintegrated in water by using a disintegrator, 
washed with water on a 150 mesh wire net, and dried. 
As a result of a incineration test at 900 C., it was 

confirmed that the modified pulp carried therein cal 
cium carbonate in an amount of 32%, based on the dry 
weight of the pulp. 
The modified pulp exhibited an enhanced light-scat 

tering coefficiency compared with the non-modified 
pulp, and was useful for forming a paper sheet having a 
high opacity. 

I claim: 
1. A process for modifying hydrophilic fibers with a 

substantially water-insoluble inorganic substance, com 
prising the steps of: 

immersing hydrophilic fibers in an aqueous solution 
comprising 6 to 60% by weight of a water-soluble 
inorganic compound (a) which is converted to a 
substantially water-insoluble inorganic compound 
when brought into contact with a precipitant (b); 

adjusting the amount of the water-soluble inorganic 
compound (a) aqueous solution impregnated in the 
hydrophilic fibers to a level of 60 to 400% based on 
the dry weight of the hydrophilic fibers; and 

bringing the impregnated hydrophilic fibers into 
contact with the precipitant (b) in the state of a gas, 
to cause the resultant substantially water-insoluble 
inorganic compound to be precipitated in and fixed 
to the hydrophilic fibers. 

2. The process as claimed in claim 1, wherein the 
hydrophilic fibers are selected from at least one member 
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of the group consisting of polyvinylalcohol fibers, poly 
acrylamide fibers and lignocellulosic fibers. 

3. The process as claimed in claim 2, wherein the 
cellulosic fibers are pulp fibers. 

4. The process as claimed in claim 1, wherein the 
water-soluble inorganic compound (a) is selected from 
the group consisting of aluminates, silicates and zincates 
of alkali metals, and the gaseous precipitant (b) com 
prises at least one acidic compound selected from the 
group consisting of carbon dioxide and hydrogen chlo 
ride. 

5. The process as claimed in claim 1, wherein the 
water-soluble inorganic compound (a) is selected from 
the group consisting of silver nitrate, lead nitrate, and 
mercurous nitrate, and the gaseous precipitant (b) com 
prises a halogen. 

6. The process as claimed in claim 1, wherein the 
water-soluble inorganic compound (a) is selected from 
the group consisting of silver nitrate, lead nitrate, cop 
per sulfate, mercurous nitrate and tin (II or IV) nitrate 
and the gaseous precipitant (b) comprises hydrogen 
sulfide. 

7. The process as claimed in claim 1, wherein the 
water-soluble inorganic compound (a) is selected from 
the group consisting of water-soluble salts of aluminum, 
chromium (III), zinc, manganese, iron (II or III), nickel 
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and cobalt, and the gaseous precipitant (b) comprises 
hydrogen sulfide. 

8. The process as claimed in claim 1, wherein the 
aqueous solution of the water-soluble inorganic com 
pound (a) contains at least one water-soluble salt of an 
alkaline earth metal together with either ammonia or an 
alkali metal carbonate, and the gaseous precipitant (B) 
comprises carbon dioxide. 

9. The process as claimed in claim 1, wherein the 
water-soluble inorganic compound (a) is a water-solu 
ble salt of a metallic element other than an alkali metal, 
and the precipitant (b) comprises ammonia in the state 
of a gas. 

10. The process as claimed in claim 9, wherein said 
water soluble salt is selected from the group consisting 
of water-soluble nitrates, chlorides, and sulfates of sil 
ver, zinc, aluminum, cobalt, zirconium, tin, titanium, 
iron, copper, lead, magnesium, cadmium, mercury, and 
chromium. 

11. The process as claimed in claim 1, wherein the 
hydrophilic fibers impregnated with the aqueous solu 
tion of the water-soluble inorganic compound (a) are 
opened in the ambient air atmosphere before being 
brought into contact with the gaseous precipitant (b). 

12. The process as claimed in claim 1, wherein the 
gaseous precipitant (b) is diluted by a gas non-reactive 
to the water-soluble inorganic compound (a). 


